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In this article we establish some properties regarding the solutions of a linear 


congruence, bases of solutions of a linear congruence, and the finding of other solutions 
starting from these bases. 


where 


This article is a continuation of my article “On linear congruences”. 
$1. Introductory Notions 


Definition 1. (linear congruence) 

We call linear congruence with n unknowns a congruence of the following form: 
ax t... a,x, = b(modm) (1) 

à,..,0,meZ, n21, and x, i= Ln , are the unknowns. 

The following theorems are known: 


Theorem 1. The linear congruence (1) has solutions if and only if 
(a,,...,a,,m,b)| b . 


Theorem 2. If the linear congruence (1) has solutions, then: |d|-|m|" is its 


number of distinct solutions. (See the article “On the linear congruences".) 


Definition 2. Two solutions X —(x,...,x,) and Y -(y,...y,) of the linear 


congruence (1) are distinct (different) if 3i € 1,n such that x, € y,(modm). 


§2. Definitions and proprieties of congruences 


We'll present some arithmetic properties, which will be used later. 
Lemma 1. If a,,....a, EZ, m €Z then: 


n-1 


(a,,...,a,, m): m 


(a,m)... (a,m) 


The proof is done using complete induction for n eN'. 
When n = | it is evident. 
Considering that it is true for values smaller or equal to n, let's proof that it is 


eZ 





true for n4 1. 


Let's note x= (a,.....a, ). Then: 


(a,,...,a,,a, ,, Im): m" = | Gs a, 4, )- m^ | m", which, in accordance to the 
induction hypothesis, is divisible by: 
| m) (a, m) ] m7 - [(a,....,a, m) (a, ,,m)]- m" =| (a,.....a,, m) m" |- (a,m) ; 
which is divisible, also in accordance with the induction hypothesis, by 


| (a.m). ase (a,,m)| (4,,,,m)= (a,m) ae (a,. m): (a, pm). 


Theorem 3. If X? constitutes a (particular) solution of the linear congruence 


(1), and p = IG. then: 
i=1 
ps nee 2 


L l 





t, Oxt; «(a,m), t, EN (*) 
(a;, m) 
(i taking values from 1 to n) constitute p distinct solutions of (1). 
Proof: 
Because the module of the congruence (m) is sub-understood, we omitted it, and 
we will continue to omit it. 


n n 


"^. am ; 
aX, = ax, +>) : t, z b 0, therefore there are solutions. Let's show 


i=l i=l i=l (a,,m) 
that they are also distinct. 


de h qaxt —" fg, fo a, BEN, «az fj, and0<a,B<(a,m), 





because the set: 








M t| Ost, «(a,m) t, eN;c Nisa -1}, which constitutes a complete 
(a,,m) t L l i 





system of residues modulo m, and pga p. for « and f previously 
(apm) — (a,,m) 


defined . 
Therefore the theorem is proved. 
x 
* Ok 


One considers the Z -module A generated by the vectors V,, where 





V. [0.5 i OI i-ln, from Z” . The module A has the rank n, (n 2 1). 
—— 


E , 
i-l times (a; > m) n-i times 
We could note it A = Diesel. 
We'll introduce a few new terms. 


Definition 3. Two solutions (vectors solution) X and Y of congruence (1) are 
called independent if X — Y ¢A. Otherwise, they are called dependent solutions. 


Remark 1. In other words, if X is a solution of the congruence (1), then the 
solution Y of the same congruence is independent of X , if it was not obtained from X 
by applying the formula (*) for certain values of the parameters ¢,,...,f, . 


Definition 4. The solutions X',..., X" are called independent (all together) if 
they are independent two by two. 
Otherwise, they are called dependent solutions (all together). 


Definition 5. The solutions X',..., X" of the congruence (1) constitute a base for 
this congruence, if X',..., X" are independent amongst them, and with their help one 
obtains all (distinct) solutions of the congruence with the procedure (*) using the 


parameters 1,,....f,. 


Some proprieties of the linear congruences solutions: 

1) If the solution X' is independent with the solution X^ then X^ is 
independent with X' (the commutative property of the relation 
"independent"). 

2) X! is not independent with X'. 

3) If X' is independent with X^, X^is independent with X", it does not imply 
that X' is independent with X^ (the relation is not transitive). 

4) If X is independent with Y , then X is independent with Y . 

Indeed, if Y is dependent with Y , then X -Y -(X -Y)«(Y -Y))-Z. 

Exod ET 
If Z eA, it results that (X-Y)-Z-(Y-Y,))eA because A is a Z- module. 
Absurdity. 
* 


EE. 
Theorem 4. Let's note P, = (a,,..,a,,m):|m| ^ and P, = (a.m)... (a, m) then 


P ; 
the linear congruence (1) has the base formed of: — solutions. 
2 


Proof: 


P , 
P » 0 and P, » 0, from Lemma 1 we have — eN”, therefore the theorem has 
2 


sense (we consider LCD as a positive number). 
P, represents the number of distinct solutions (in total) of congruence (1), in 


accordance to theorem 2. 
P, represents the number of distinct solutions obtained for congruence (1) by 


applying the procedure (*) (allocating to parameters 1,....f, all possible values) to a 
single particular solution. 


congruence, that is, it is necessary of exact 


E. ; 
Therefore we must apply the procedure (*) 7i times to obtain all solutions of the 
2 
P. . l 
— independent particular solutions of the 
2 


P ; 
congruence. That is, the base has — solutions. 


2 
Remark 2. Any base of solutions (for the same linear congruence) has the same 


number of vectors. 


iX 


$3. Method of solving the linear congruences 


In this paragraph we will utilize the results obtained in the precedent paragraphs. 

Let's consider the linear congruence (1) with (a,,...,a,,m) 2 dl b, m0. 

- we determine the number of distinct solutions of the congruence: 
= |a|: |m 

P 


- we determine the number of solutions from the base: $ = —— 


IG) 


- we construct the Z -module A = V,,...,V, E where 


va T NEL S OH i=l,n; 


» 
(a; d m) n-i times 





i-l times 
- we search to find s independent (particular) solutions of the congruence; 
- we apply the procedure (*) as follows: 


j= Ls , are the s independent solutions from the base, it results that 








i} i-ln, (*) 


X0 — E $ 
(a;, m) 


are all P, solutions of the linear congruence (1), 


me eae Aa eee ee Docs EO cog, ed 


where d, = \(a,.m), i= Ln. 


Remark 3. The correctness of this method results from the anterior paragraphs. 
Application. Let’s consider the linear non-homogeneous 


congruence 2.x — 6y = 2(mod12). It has (2,6,12)-12^! — 24 distinct solutions. Its base 
will have 24 :[Q,12)- (6.12)]- 2 solutions. 


Vi 2 (6.0), V; 2 (0,2) and A = {V,,V, }= {(61,,2r,)' ltt, EZ}. 


The Bo x = 7(mod12) and y = Dem x =1 and y=0 are dependent because: 


(1) (6\ (6) 
(i) Lo) a> (5) +23) 4 


(4). . f. (4) (0) 
But LJ is independent with LJ because Uu) "lu ZA. 


Therefore, the 24 solutions of the congruence can be obtained from: 
x=1+6t, O<t,<2, t, EN 
cen O<t, <6, t, EN 
and 
x=4+6t, 0<t «2, t, EN 
AE 0<t, <6, t, eN 
by the parameterization (tt) € {0,1} x {0, 1,2,3,4,5 ie 


Gaora ol a) (a): Co) a) Go Co) G) La) (9 La) Go): 


a (4\ (4) (4) (4) (4) (10) (10) (10) (10) (10) (10). 
yel425 7 AJ) SP Porat Pos Jor Js ay? 


0 
which constitute all 24 distinct solutions of the given congruence; uU means: 


x =1(mod12) and y= 0(mod12); etc. 
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